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The title compound, C38H3oOP2S-CH2Cl2, belongs to the 
xanthene family of ligands containing S- and O-donor atoms in 
the central heterocyUc ring. Positions 2 and 8 on the xanthene 
backbone are functionalized with methyl groups to allow for 
the selective functionalization of the backbone at positions 4 
and 6 with diphenylphosphanyl units. The title compound 
shows a significant 'roof-like' bending along the axis of 
planarity involving the O- and S-donor atoms and the benzene 
rings, resulting in a dihedral angle between the mean planes of 
the benzene rings of 32.88 (13)°. 



Experimental 

Crystal data 

C38H3„OP2SCH2Cl2 

M, = 681.55 
Monoclinic, Pijn 
a = 9.3605 (7) A 
b = 20.6796 (15) A 
c = 18.1360 (15) A 
= 104.955 (1)° 

Data collection 

Bruker APEXII CCD 

diffractometer 
46059 measured reflections 

Refinement 

R[F^ > 2a{F^)] = 0.036 

wR(F^) = 0.100 

5 = 1.07 

8183 reflections 



V = 3391.7 (5) A^ 
Z = 4 

Mo Ka radiation 
jLt = 0.38 mm^' 
r = 173 K 

0.47 X 0.36 X 0.28 mm 



8183 independent reflections 
6527 reflections with / > 2tT(/) 
R,„, = 0.039 



408 parameters 

H-atom parameters constrained 
Ap„^ = 0.46 e A-' 
Ap„i„ = -0.51 e A"=' 



Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT- 
Plus (Bruker, 2005); data reduction: SAINT-Plus; program(s) used to 
solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to 
refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL. 

We thank Dr Manuel Fernandes for the data collection and 
SASOL, THRIP and the University of KwaZulu-Natal for 
financial support. 



Supplementary data and figures for this paper are available from the 
lUCr electronic archives (Reference: FJ2525). 



Related literature 

For a closely related compound, see: Goertz et al. (1998). For 
complexation to metal centre and catalysis, see: Kranenburg et 
al. (1995). For related P-donor ligands, see: Marimuthu et al. 
(2008). For a related structure, see: Hillebrand et al. (1995). 
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4^6-Bis(diphenylphosphanyl)-2^8-dimethylpherioxathim dichloromethane 
monosolvate 

Thashree Marimuthu^ Holger B. Friedrich and Muhammad D. Bala 
Comment 

The title compound, 4,6-bis(diphenylphosphanyl)-2,8-dimethylphenoxathim (I) (Fig. 1), has been reported as a ligand on 
rhodium for hydroformylation of olefins and on nickel for hydrocyanation of styrene (Kranenburg et al, 1995). 
Compound (1) consists of two very nearly regular planar hexagonal carbocyclic rings joined to a non-planar heterocyclic 
ring. The planes of the aromatic rings of the xanthene backbone bisect at an angle of 147.12° with the S atom lying out of 
the ring planes. 

A comparison of (I) with the closely related structure reported by Goertz et al. (1998) shows that sixantphos can adopt 
two different conformations in the sohd state with different crystallographic parameters and cell contents. The 
conformational differences were due to the presence of an incorporated solvent molecule in (1) and the significant roof- 
like bending of the backbone framework along the axis of planarity involving the O and S heterocyclic atoms and the 
aromatic rings. The dihedral angle of 32.88° between the least-squares planes of the aromatic rings of (1) is significant 
when compared to the essentially co-planar aromatic rings in the phenoxazine backbone of the Goertz et al. (1998) 
compound. The title compound crystallizes in the Pljn space group, while the previously reported structure was in the 
Pljc space group. A similar difference in conformation was reported by (Hillebrand et al, 1995) for two separate 
crystals of xantphos. The bond lengths for (I) are in good agreement with those in the reported structure, but the mtemal 
bond angles of the heterocyclic ring are slightly shorter in (1). This is consistent with a bent geometry of the heterocyle in 
(1) [Cll— SI— C5] 98.28 (7) and [C12— 01— C6] 117.5 (1)° compared to 101.4 (1) and 124.4 (2)° for similar bond 
angles in the previously reported crystal structure. 

Upon complexation to a metal centre the backbone of sixantphos tends to bend to accommodate the extra steric 
congestion around the metal centre (Goertz et al, 1998). Therefore when compound (1) is used as a hgand, the backbone 
needs little tilting in order to coordinate to a metal centre. The bond angles at the P atoms range from 100.04 (6) to 
102.95 (7)° which are similar to those found for a realated P donor hgand [99.93 (10) to 103.02 (10)°] (Marimuthu et al, 
2008). 

Experimental 

A solution of 2,8-dimethylphenoxathiin (1.5 g, 6.6 mmol) and TMEDA (2.5 ml, 16.8 mmol) in 45 ml of dry degassed 
Et20 was cooled to 0 °C. To the chilled solution, nBuLi (10.3 ml, 16.8 mmol) was added dropwise. The reaction mixture 
was allowed to warm to room temperature and left to stir for 1 6 h. The resulting dark orange reaction mixture was cooled 
to 0 °C and PPh2Cl (3.1 ml, 16.8 mmol) in hexane (6 ml) added dropwise. The reaction mixture slowly decolourized and 
a fine precipitate formed. The reaction was allowed to stir for a further 16 h. Thereafter, the reaction was slowly hydro- 
ylsed with 40 ml of 10% HCl/brine mixture (1/1). The organic layer was removed, and the aqueous layer extracted with 
dichloromethane. The combined fractions were dried over MgS04, filtered, and the volume reduced to give a yellow oil. 
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The crude product was washed with hexane (3 x 20 ml), the oil dissolved in dichloromethane, and an equal volume of 
ethanol added slowly. The solution was left to recrystalize at room temperature and the crystals filtered and dried under 
vacuum. Recrystallization from dichloromethane/ethanol (1:1) afforded colourless crystals of (I) suitable for X-ray 
analysis, [yield: 2.2 g, 62%; m.p. 457 K]. Spectroscopic analysis: 'H NMR (400 MHz, CDCI3, 8, p.p.m.): 7.29 - 7.12 (m, 
20H), 6.86 (apparent d, 1.0 Hz, 2H), 6.22 (bs, 2H), 2.05 (s, 6H); '^c NMR (101 MHz, CDCI3, 8, p.p.m.): 152.2(t, 
J{V,Q = 24.4 Hz, CO), 137.2 (t, J(P,C) = 13.1 Hz phenyl C-ipso, PC), 133.9 (t, J(P,C) =21 Hz, CH phenyl), 133.5 (C), 
132.7 (CH), 128.2 (CH phenyl), 128.1 (t, J(P,C) = 3.5 Hz, CH phenyl), 127.6 (CH) 127.3 (dd, J(P,C) = 12.6, 11 Hz, 
CHCHC-P), 119.5 (CS), 20.6 (CH3); ^'P NMR (243 MHz, CDCI3 6, p.p.m.): -17.9; IR (neat, v^^x, cm-1): 3050 (w), 2961 
(w), 2921 (w), 1556 {m), 1476 (w), 1432 (m), 1402 {s), 1238 (m), 1221 (/«) 1199 (m), 742 {s), 692 {s); HR— MS (ESI) 
(m/z): 597.1559 [M+ H]+ calcd. for C38H31OP2S, 597.1565. 



All H-atoms were refined using a riding model, with C — H = 0.95 A and 6'iso(H) = 1 .2(7eq(C) for aromatic and C — H = 
0.98 A and jy„o(H) = 1.5U4C) for CH3. 

Computing details 

Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT-Plus (Bruker, 2005); data reduction: SAINT-Plus (Bruker, 
2005); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); software used to prepare material for publication: 
SHELXTL (Sheldrick, 2008). 



Refinement 




Figure 1 

ORTEP diagram of compound (I). Thermal ellipsoids are represented at the 50% 



probability level 
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4,6-Bis(diphenylphosphanyl)-2,8-dimethylphenoxathiin dichloromethane monosolvate 



Crystal data 

C38H3oOP2S'CH2Cl2 

M, = 681.55 
Monoclinic, P2i/n 
Hall symbol: -P 2yn 
a = 9.3605 (7) A 

= 20.6796 (15) A 
c= 18.1360 (15) A 
fi= 104.955 (1)° 
F= 3391.7 (5) A3 
Z=4 

Data collection 

BrukerAPEXIICCD 

difiractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
f and CO scans 
46059 measured reflections 
8183 independent reflections 

Refinement 

Refinement on 

Least-squares matrix: full 

R[P > 2ff(7^)] = 0.036 

wi?(i^) = 0.100 

S= 1.07 

8183 reflections 

408 parameters 

0 restraints 

Primary atom site location: structure-invariant 
direct methods 



F(000) = 1416 

1.335 Mgm-3 
Mo Ka radiation, i = 0.71073 A 
Cell parameters from 9922 reflections 
6* = 2.3-28.3° 
= 0.38 mm-i 
T= 173 K 
Prism, colourless 
0.47 X 0.36 X 0.28 mm 



6527 reflections with / > 2a(J) 
= 0.039 

S'max = 28.0°, ^min = 1.5° 



A = -12^12 
k = -11^11 
/ = -15^23 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = \IW{F^) + (0.0535P)2 + 0.4429^] 

where P = {F;^ + 1F^)I1, 
(A/<T)„^ = 0.001 
Apn^ax = 0.46 e A-3 
Apmin = -0.51 e A"' 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F^ against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F^, 
conventional i?-factors R are based on F, with F set to zero for negative F^. The threshold expression oiF^> (t(F^) is used 
only for calculating i?-factors(gt) etc. and is not relevant to the choice of reflections for refmement. i?-factors based on F^ 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 



y 



Tl *IU 



01 
02 
H2 
03 
04 



0.67489 (15) 
0.61337 (16) 
0.6780 
0.46158(16) 
0.36781 (16) 



-0.01794 (7) 
-0.07280 (7) 
-0.1031 
-0.08469 (7) 
-0.04140 (7) 



0.12353 (8) 
0.08142 (8) 
0.0675 
0.05916 (8) 
0.08135 (8) 



0.0246 (3) 
0.0275 (3) 
0.033* 
0.0282 (3) 
0.0274 (3) 
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0.0251 (7) 


-0.0002 (5) 


0.0067 (5) 


0.0043 (5) 


C2 


0.0296 (7) 0.0257 (7) 


0.0280 (7) 


-0.0009 (6) 


0.0091 (6) 


0.0003 (6) 


C3 


0.0308 (7) 0.0282 (7) 


0.0247 (7) 


-0.0043 (6) 


0.0057 (6) 


0.0014 (6) 


C4 


0.0249 (7) 0.0309 (7) 


0.0253 (7) 


-0.0040 (6) 


0.0047 (6) 


0.0032 (6) 


C5 


0.0248 (7) 0.0258 (7) 


0.0227 (7) 


0.0007 (5) 


0.0059 (5) 


0.0038 (5) 


C6 


0.0251 (7) 0.0229(7) 


0.0214(6) 


-0.0011 (5) 


0.0045 (5) 


0.0027 (5) 


C7 


0.0238 (7) 0.0282 (7) 


0.0198 (6) 


0.0004 (6) 


0.0052 (5) 


-0.0020 (5) 


C8 


0.0293 (7) 0.0249 (7) 


0.0272 (7) 


0.0013 (6) 


0.0068 (6) 


-0.0024 (6) 


C9 


0.0291 (7) 0.0298 (7) 


0.0293 (8) 


0.0061 (6) 


0.0070 (6) 


-0.0013 (6) 


CIO 


0.0233 (7) 0.0352 (8) 


0.0322 (8) 


0.0030 (6) 


0.0075 (6) 


-0.0019 (6) 


Cll 


0.0244 (7) 0.0295 (7) 


0.0246 (7) 


-0.0011 (6) 


0.0074 (6) 


-0.0007 (6) 


C12 


0.0246 (7) 0.0260 (7) 


0.0191 (6) 


0.0031 (5) 


0.0051 (5) 


0.0008 (5) 


C13 


0.0369 (9) 0.0360 (9) 


0.0406 (9) 


-0.0076 (7) 


0.0107 (7) 


-0.0098 (7) 


C14 


0.0365 (9) 0.0333 (9) 


0.0520 (11) 


0.0091 (7) 


0.0092 (8) 


-0.0033 (7) 


C21 


0.0251 (7) 0.0226(7) 


0.0275 (7) 


-0.0001 (5) 


0.0077 (6) 


0.0006 (5) 


C22 


0.0248 (7) 0.0389 (8) 


0.0326 (8) 


-0.0013 (6) 


0.0083 (6) 


0.0037 (7) 


C23 


0.0347 (8) 0.0482 (10) 


0.0329 (8) 


0.0002 (7) 


0.0143 (7) 


0.0074 (7) 


C24 


0.0381 (8) 0.0388 (9) 


0.0275 (8) 


0.0037 (7) 


0.0056 (7) 


0.0012 (7) 


C25 


0.0290 (8) 0.0400 (9) 


0.0366 (9) 


-0.0044 (7) 


0.0028 (7) 


-0.0006 (7) 


C26 


0.0278 (7) 0.0366 (8) 


0.0344 (8) 


-0.0057 (6) 


0.0090 (6) 


0.0021 (7) 


C31 


0.0239 (7) 0.0295 (7) 


0.0295 (7) 


-0.0012 (6) 


0.0100 (6) 


0.0010(6) 


C32 


0.0623 (12) 0.0354 (9) 


0.0346 (9) 


0.0130(8) 


0.0213 (8) 


0.0060 (7) 


C33 


0.0747 (14) 0.0362 (10) 


0.0512(11) 


0.0197 (9) 


0.0256 (10) 


0.0075 (8) 
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U.U4y / (1 1^ 




U.UDzy (11) 


A AA/10 ^Q\ 

U.UU4Z (S) 


V.UZZZ (y) 


A A 1 A/1 ^Q\ 

— U.U1U4 (8 ) 




U.Ujji (o) 


A A/1 OA / 1 A^ 

0.04oO (iU) 


A AT TO /0\ 

0.U33Z (o) 


— 0.006z (/) 


A A 1 T T /T\ 
0.0133 (/) 


A A 1 A/1 in\ 

—0.0104 (/) 




U.Uzo/ (/) 


A A1 /^0\ 

O.Oioo (o) 


O.OzyD (6) 


A AAOO 

— O.OOzS (6) 


A AATA /"/^A 
0.00/0 (6) 


A AA1 A fC\ 

0.0014 (6) 


i^A 1 


U.OziU (/J 


0.U25O (/J 


A AT AT /0\ 

0.030/ (o) 


A AA 1 T 

0.0013 (6) 


A A1 AT 

0.0103 (6) 


A AA1 O 

—0.00 18 (6) 




U.UJZD (o) 


A A/1 /I A /A\ 

U.U44U {y) 


A AT T A /0\ 
U.UJZy (6) 


A AAT O in\ 

—\J.\J\jil (/) 


A A 1 AA /n\ 

o.uiuy (/) 


A AAAC /0\ 

U.UUU5 (/) 


C43 


U.UjoU (y) 


A AC A1 /I A\ 


A A /I T T / 1 A\ 

0.04j / (10) 


A AATA iO\ 

0.0030 (o) 


A A 1 y1 £ /0\ 

0.0146 (o) 


A A1 £^£i /0\ 

0.0166 (8) 


C44 


U.U J / / (y) 


A A'2'>A /'0\ 

O.OizU (o) 


0.0648 (Iz) 


0.003 / (/) 


A AO A A /"AA 

0.0z44 (y) 


A AAAO iQ\ 
0.009/ (8) 


C4D 


U.U4D0 (lUj 


A ATAO /'Q\ 


U.U36J (11) 


A AATC tn\ 
— U.UU/3 (/) 


A AO 0/1 /'0\ 

U.UZZ4 (y) 


A A 1 1 A (Q\ 
— U.Ul lU (5 ) 


C4o 


u.ujyi (yj 


A ^"20 C /Q^ 


A AT A A /'OA 

U.Uj4U (O ) 


A AAT A 

— U.UUj4 ( /) 


A A 1 /1 1 
U.U141 ( /) 


A AA/1 C i ^\ 

— U.UU4J (6) 


CM 


(J.UJiU (/) 


A A'^/CT /T\ 

U.Uzoz (/) 


A AO oo in\ 

O.Ozoo (/) 


A f\(\A 1 ^ ^\ 

—0.0041 (6) 


A AAOO 

O.OOzz (6) 


A AAOO t 

O.OOzz (6) 




u.(J3y4 (yj 


A AC/1 A /"I 1 \ 

0,0d40 (li) 


A ATAO /0\ 

0.0306 (o) 


A AAAC tO\ 

— O.OOOD (o) 


0.0084 (/) 


A AAOT tQ\ 

O.OOz j (8) 


/"'CO 
CD 3 


U.Uoll (iz) 


A A/:: /I c / 1 'J \ 
(J.(Jo4j 


A AT T y1 /I AA 
U.U334 (lU) 


A A 1 O T 1 A\ 

— O.Ulzi (lU) 


A A 1 C A /C\\ 

u.ui ju (y) 


A AAT n /'A\ 

— U.UU3 / (y) 


Cj4 


A AO/n ^^ ^\ 
U.Uo4/ (loj 


A A/1 0/^ /I 1 ^ 


(j.Uz/4 (y) 


— U.UOl (11) 


A AATA /n\ 

— u.uUju (y) 


A AA/1/; tQ\ 

U.U(J46 (8) 


CDD 


A AO AT i ^ £Z\ 

U.UoUi (16) 


A AC3 1 0\ 

O.Ujio (Iz) 


0.04Z1 (11) 


A A1 'T/C /I 1 \ 
0.01 /6 (11) 


AA100 

— O.Oloz (11) 


A AAOO /I C\\ 

O.OOzz (lU) 


Cdo 


U.Ujio (li) 


A A/1 'J C /I A\ 

0.04^3 (lU) 


A A /I AC /I AA 
0.04(JD (10) 


A A 1 /I 1 /A\ 

0.0141 (y) 


A aa/:a /o\ 

— u.uu6y (o) 


A AAT A /'0^ 

—0.0034 (8) 


Ul 


A AO /II /C\ 

U.Uz4j (Dj 


A AOO/C: /c\ 

U.Uzzo (j) 


A AOT 1 /CA 

U.Uz / 1 (j) 


A AA 1 A /-I \ 
0.0010 (4) 


A AAO'? / A\ 

U.UUz / (4) 


A AAAC t A\ 
— U.UUUD (4) 


T51 

rl 




U.UZ4Zi \\-o) 


u.(jz/ui (ly) 


A AAA^C ^ A A \ 
— U.(J(JU/j (14) 


A AA'yOT /■! /1A 

u.uu /y / (14) 


A AAT 1 ^ ( A A \ 
U.UU316 (14) 


P2 


0.02309(18) 


0.02554(19) 


0.02756 (19) 


0.00042 (14) 


0.00558 (14) 


-0.00296 (14) 


SI 


0.02473 (18) 


0.0316(2) 


0.0379 (2) 


-0.00240 (14) 


0.01310(15) 


-0.00110(16) 


C57 


0.0696 (14) 


0.0653 (13) 


0.0483 (12) 


-0.0136(11) 


0.0277(11) 


0.0025 (10) 


Cll 


0.1172 (6) 


0.0525 (3) 


0.0529 (3) 


0.0151 (3) 


0.0113(3) 


0.0040 (2) 


C12 


0.0751 (4) 


0.0842 (4) 


0.0416 (3) 


0.0195 (3) 


0.0094 (3) 


0.0037 (3) 



Geometric parameters (A, °) 


CI— C6 


1.393 (2) 


C26— H26 


0.9500 


CI— C2 


1.405 (2) 


C31— C32 


1.395 (2) 


CI— PI 


1.8492 (14) 


C31— C36 


1.399 (2) 


C2— C3 


1.395 (2) 


C31— PI 


1.8345 (15) 


C2— H2 


0.9500 


C32— C33 


1.384 (2) 


C3— C4 


1.384 (2) 


C32— H32 


0.9500 


C3— C13 


1.513 (2) 


C33— C34 


1.375 (3) 


C4— C5 


1.392 (2) 


C33— H33 


0.9500 


C4— H4 


0.9500 


C34— C35 


1.384 (3) 


C5— C6 


1.3953 (19) 


C34— H34 


0.9500 


C5— SI 


1.7601 (14) 


C35— C36 


1.380 (2) 


C6— 01 


1.3996 (16) 


C35— H35 


0.9500 


C7— C12 


1.3961 (19) 


C36— H36 


0.9500 


C7— C8 


1.4035 (19) 


C41— C46 


1.397 (2) 


C7— P2 


1.8489 (14) 


C41— C42 


1.400 (2) 


C8— C9 


1.399 (2) 


C41— P2 


1.8367 (15) 


C8— H8 


0.9500 


C42— C43 


1.381 (2) 


C9— CIO 


1.387 (2) 


C42— H42 


0.9500 


C9— C14 


1.507 (2) 


C43— C44 


1.389 (3) 


CIO— Cll 


1.391 (2) 


C43— H43 


0.9500 


CIO— HIO 


0.9500 


C44— C45 


1.373 (3) 


Cll— C12 


1.3983 (19) 


C44— H44 


0.9500 


Cll— SI 


1.7610(15) 


C45— C46 


1.391 (2) 


C12— 01 


1.3966(16) 


C45— H45 


0.9500 


C13— H13A 


0.9800 


C46— H46 


0.9500 
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C13 
C13 
CI 
CI 

C14- 

C21- 

C21 

C21- 

€22- 

C22- 

C23- 

C23- 

C24 

C2 

C25 

C25 



H13B 

H13C 

H14A 

H14B 

H14C 

C22 

C26 

PI 

C23 

H22 

C24 

H23 

€25 

H24 

C26 

H25 



0.9800 
0.9800 
0.9800 
0.9800 
0.9800 

1.389 (2) 
1.406 (2) 
1.8381 (15) 

1.390 (2) 
0.9500 
1.390 (2) 
0.9500 

1.381 (2) 
0.9500 

1.382 (2) 
0.9500 



€51— €52 
€51— €56 
€51— P2 
€52— €53 
€52— H52 
€53— €54 
€53— H53 
€54— €55 
€54— H54 
€55— €56 
€55— H55 
€56— H56 
€57— €12 
€57— €11 
€57— H57A 
€57— H57B 



1.387 (2) 

1.389 (2) 
1.8349(16) 

1.390 (2) 
0.9500 
1.380 (3) 
0.9500 
1.360 (3) 
0.9500 
1.387 (3) 
0.9500 
0.9500 
1.745 (2) 
1.751 (2) 
0.9900 
0.9900 



€6— €1— €2 
€6— €1— PI 
€2— €1— PI 
€3— €2— €1 
€3— €2— H2 
€1— €2— H2 
€4— €3— €2 
€4— €3— €13 
€2— €3— €13 
€3— €4— €5 
€3— €4— H4 
€5— €4— H4 
€4— €5— €6 
€4— €5— SI 
€6— €5— SI 
€1— €6— €5 
€1— €6— 01 
€5— €6— Ol 
€12— €7— €8 
€12— €7— P2 
€8— €7— P2 
€9— €8— €7 
€9— €8— H8 
€7— €8— H8 
€10— €9— €8 
€10— €9— €14 
€8— €9— €14 
€9— €10— €11 
€9— €10— HIO 
€11— €10— HIO 
€10— €11— €12 
€10— €11— SI 



117.04(13) 

119.63 (11) 
123.24(11) 
122.92 (13) 
118.5 

118.5 

118.47(13) 

120.31 (14) 

121.22(14) 

120.04(13) 

120.0 

120.0 

120.73 (13) 
119.29(11) 
119.92(11) 

120.74 (13) 
117.41 (12) 
121.77(12) 
117.39(13) 
118.59(10) 
124.00(11) 
122.37 (14) 
118.8 
118.8 

118.53 (13) 
119.65 (14) 
121.81 (14) 
120.66(13) 
119.7 
119.7 

119.89(13) 
119.63 (11) 



€32— €31— PI 
€36— €31— PI 
€33— €32— €31 
€33— €32— H32 
€31— €32— H32 
€34— €33— €32 
€34— €33— H33 
€32— €33— H33 
€33— €34— €35 
€33— €34— H34 
€35— €34— H34 
€36— €35— €34 
€36— €35— H35 
€34— €35— H35 
€35— €36— €31 
€35— €36— H36 
€31— €36— H36 
C46— €41— €42 
€46— €41— P2 
€42— €41— P2 
C43— €42— €41 
C43— €42— H42 
€41— €42— H42 
€42— €43— €44 
€42— €43— H43 
€44— €43— H43 
C45— €44— €43 
C45— €44— H44 
C43— €44— H44 
€44— €45— €46 
C44— €45— H45 
€46— €45— H45 



124.33 (12) 
117.76(11) 
120.99 (16) 
119.5 
119.5 

120.07 (17) 
120.0 
120.0 

120.08 (16) 
120.0 
120.0 

119.97(15) 

120.0 

120.0 

120.98 (15) 
119.5 

119.5 

118.26(14) 

124.34 (12) 
117.07(12) 
120.73 (16) 
119.6 
119.6 

120.15(16) 

119.9 

119.9 

119.93 (16) 

120.0 

120.0 

120.29 (16) 

119.9 

119.9 
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Ci2 — Cll — SI 


lzU.4z (11) 


A c A /I A'\ 

C45 — C4o — C4 1 


1 OA /I £1\ 

120.62 (16) 


C7 — C12 — Ol 


117.70 (12) 


C45 — C46 — H4o 


119.7 


C7 — C12 — Cll 


121.12 (13) 


C41 — C46 — ^H46 


1 1 A T 

119.7 


Ol — C12 — Cll 


1 1 11 /I 

121.11 (12) 


i^c^ r^cn 

C52 — C5 1 — C56 


1 1 O 1 A /I ^\ 

118.19 (16) 


C3 — C 1 3 — H 1 3 A 


1 c\c\ c 

109.5 


C52 — C5 1 — P2 


1 O /I "OA /'I 

lz4.zU (12) 


C3 — C13 — H13B 


109.5 


C56 — C51 — P2 


11^7 /'I /1'>\ 

117.61 (13) 


TT1 1 A 1 '> TT1 Tn 

H13A — C13 — ^H13B 


109.5 


/~^Ct f^C^ /'^Ci 

C51 — C52 — C53 


1 '^A 1 /I 0\ 

120.12 (18) 


C3 — C13 — H13C 


109.5 


C5 1 — C52 — H52 


119.9 


Hi 3 A — L13 — H13C 


1 AA C 

109.5 


C53 — C5z — H5z 


1 1 A A 

119.9 


T T 1 O r> IT T T 1 T 

H13B — CI 3 — H13C 


109.5 


C54 — C53 — C52 


1 'I A "7 \ 

120.7 (2) 


C9 — C14 — H14A 


1 AA ^ 

109.5 


C54 — C53 — H53 


1 1 A T 

119.7 


C 9 — C 1 4 — H 1 4B 


109.5 


C52 — C53 — H53 


119.7 


H14A — C14 — H14B 


1 AA C 

109.5 


/^CC /~^ZA r~^ci 

C55 — C54 — C53 


1 1 A C A / 1 0\ 

119.59 (18) 


r^C\ 1 A TT1 /l/^ 

Ly — C14 — H14C 


109.5 


C55 — C54 — H54 


120.2 


TT1 A A /"'I ,1 TT1 y1 /"^ 

H14A — C14 — H14C 


109.5 


O C A TTC/1 

C53 — C54 — H54 


120.2 


TT 1 A T~> 1/1 T T 1 /I 

H 1 4B — C 1 4 — H 1 4C 


109.5 


C54 — C55 — C56 


120.28 (19) 


Czz — Czl — CZD 


1 IT TO /I A\ 

117.78 (14) 


r^ZA i~^ZZ TTCC 

C54 — C55 — H55 


1 1 A A 

119.9 


Cz2 — Czl — ^rl 


124.39 (11) 


r^c^ r^cc TTcc 

C5o — C55 — H55 


119.9 


C26 — C21 — PI 


11T OO /11\ 

117. e3 (11) 


C55 — C56 — C51 


1 1 1 / 1 A\ 

121.12 (19) 


Lzl — Czz — Cz3 


1'^A 1A /I /1\ 

120.19 (14) 


f^ZZ r^Z£. TTC£ 

C55 — C56 — ^H5o 


1 1 A /I 

119.4 


Cz 1 — Czz — ^Hzz 


linn 


(~^z\ r^zc uz^ 
CM — Cdo — riDO 


119.4 


C23 — C22 — H22 


1 1 A A 

119.9 


C12 — Ol — Co 


1 1 T O /I A\ 

117.53 (10) 


C24 — C23 — C22 


1 1 1 A / 1 

121.29 (15) 


/^T1 "A 1 A^'l 1 

C31 — PI — C21 


1 AA (\/' /T\ 

100.06 (7) 


/"^Tyl TTT7 

Cz4 — Cz3 — Hz3 


1 1 A /I 

119.4 


C31 — PI — CI 


1 AA A A t £.\ 

100.04 (6) 


Lz2 — Cz3 — Hz 3 


1 1 A >l 

119.4 


C21 — PI — CI 


102.95 (6) 


C25 — C24 — C23 


11AAO /1C\ 

119.08 (15) 


C51 — P2 — C41 


1 A 1 /' /' 

101.66 (7) 


C25 — C24 — H24 


120.5 


C51 — P2 — C7 


1 A A T /' /n\ 

100.36 (7) 


C23 — C24 — H24 


1 1A C 

120.5 


C4i — P2 — C7 


1 A 1 OA / 

101.89 (6) 


C24 — C25 — C26 


1 1 n / 1 c\ 

119.79 (15) 


C5 — si — Cll 


c\o /n\ 

98.28 (7) 


C24— C25— H25 


120.1 


C12— C57— Cll 


111.22(11) 


C26— C25— H25 


120.1 


C12— C57— H57A 


109.4 


Cz5 — Czo — Cz 1 


121.85 (14) 


/"'I 1 /~1C7 TTC7 A 

Cll — C57 — ^H57A 


1 AA A 

109.4 


/"'OC /~^'*>/C XJ'>/C 

CzD — Czo — ^Hzo 


119. 1 


ClZ — CD / — /B 


1 An A 
109.4 


C2 1 — C26 — H26 


119.1 


1 C7 TTC7T~> 

Cll — C57 — H57B 


109.4 


C32 — C3 1 — C3o 


IITAI / i A\ 

117.91 (14) 


TTC7 A i~^Zn TTCTTJ 

H57A — C57 — H57B 


1 AO A 

108.0 


Co — CI — Cz — C3 


1 A /OA 

1.0(2) 


C4o — C41 — C42 — C43 


A A /^\ 

-0.4 (2) 


r 1 — C 1 — Cz — C 3 


1 n c CO /iix 

— 175.5o (11) 


P2 — C41 — C42 — C43 


1 n A AC /IT 

— 174.05 (13 


C 1 — C2 — C 3 — C4 


-1.8 (2) 


A^ A^ A A 

C4 1 — C42 — C43 — C44 


A A /'^ \ 

0.9 (2) 


C 1 — C2 — C3 — C 1 3 


1 no /I /i\ 

178.82 (14) 


C42 — C43 — C44 — C45 


—0.8 (3) 


C2 — C3 — C4 — C5 


A A /'^ \ 

0.4 (2) 


A^ A A A c A £L 

C43 — C44 — C45 — C4o 


0.3 (3) 


C13 — C3 — C4 — C5 


1 T A TO / 1 A\ 

179.78 (14) 


A A A c A £. A 1 

C44 — C45 — C4o — C4 1 


0.2 (3) 


C3 — C4 — C5 — Co 


1.7 (2) 


C42 — C4 1 — C4o — C45 


A 1 

-0.1 (2) 


C3 — C4 Cj C3 i 


— i /j.j3 (11) 


vL — C41 — C4o — C45 


1T5 A1 / 1 ^\ 

1 /3.01 (13) 


C2— CI— C6— C5 


1.2 (2) 


C56— C51— C52— C53 


-0.2 (3) 


PI— CI— C6— C5 


177.91 (10) 


P2— C51— C52— C53 


-179.86(14 


C2— CI— C6— 01 


178.01 (12) 


C51— C52— C53— C54 


0.2 (3) 
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